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ABSTRACT 


Sterilization testing of two accelerometers was concluded 
during this reporting period. The performance of these 
instruments was similar to that of the previously shipped 
units. 


The final accelerometer is being built with a beryllium 
proofmass structure and specially heat treated springs. 


Two laser welded proofmass assemblies are being built 
containing normally manufactured springs. The fifth pendulum 
assembly will also utilize specially heat treated flexures in 
an effort to improve null stability. 


A transformerless pickoff electronics failed in testing due 
to contamination of the uA709. Otherwise, test results were 
satisfactory and the thermal sterilization capabilities of 
a bonnet of this design is promising. 
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ACCELEPOMETERS 


During the quarter ending April 30 , 1969 the thermal sterili- 
zation testing of two accelerometers, serial numbers 0657 
and 0660, was completed and the two instruments were shipped 
April 24th, The test data compiled on these two units form 
Tables 1, 2, 3 and 4, Evaluation of these units indicate 
that the bias characteristics are similar to those observed 
in the first two delivered accelerometers. The extended 
curing of the epoxy spring- to -support Joint for 60 hours and 
the increased temperature of 300°F did not reduce the bias 
shift caused by the sterilization environment. The scale 
factor stability of the two units was again good. 

In an effort to eliminate the thermal incompatibility between 
the aluminum pendulum and the steel base plate, the torque 
coil assembly of the fifth accelerometer is being built with 
the beryllium proofmass structure shown in Figure 1 and 2. 

The spring Joint stresses should thereby be reduced by a 
factor of 40. Also to be incorporated in the fifth * 
sterilizable accelerometer are ’’overaged" springs. In the 
standard spring manufacturing process, the maximum tensile 
strength of the spring material is attained by aging at 650°F 
for 30 minutes. Recently however, metallurgists from the 
Brush Beryllium Corporation have pointed out that the heat 
treating of the spring material for maximum tensile strength 
usually does not provide good form and dimensional stability. 
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Spring materials "overaged" at 725°F for l£ hours should 
reduce the undesired mechanical hysteresis loops. This 
aging strategy can only be employed for alloys which gain 
their strength by preceipitation hardening as is the case with 
our CuBe spring material. Although there is a reduction 
in the tentsile strength of the spring material, the increased 
microyield strength and improved microcreep prorertied 
anticipated for these springs should reduce the bias hysteresis 
due to mechanical and thermal stresses. 
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FIOURE 2 . BERYLLIUM PENDULUM 







LASER WELDED PENDULUMS 

Two pendulums Incorporating laser beam welding techniques were 
built and tested. These were of the design presented In the 
November 1968 Quarterly Report, pages 14-17. Erratic performance 
of unit M33 resulted In the discontinuation of its stability 
testing. Instrument M4l was more satisfactory and stability 
test data was plotted in Figures 3 and 4. Thermal sterilization 
was not intended for these instruments since only the practi- 
cality of a laser welded spring - support connection was the 
objective and standard non-sterilizable bonnets were attached. 

Because of manufacturing difficulties at the time it was possible 
to produce only a single weld spot. Although the rigidity of 
the weld Joint was considered higher than that of the spring, 
its influence is still present in the performance of units M33 
and M4l. Practice welds have since been successfully performed 
on some experimental parts and two weld spots in the areas shown 
in Figure 5 will be provided in the final three pendulum 
assemblies. 

The three proofmass assemblies are being manufactured having a 
current sensitivity of 1 ma/g compatible with the sterilizable 
accelerometer. In contrast to the pendulums previously built, 
a wire wound torquer coil is required to obtain the desired 
current sensitivity. The wire is wound directly on a standard 
anodized coil form and the windings secured by the application 
of 828 "Z" epoxy in the same manner as on the sterilizable 
accelerometer. In order to retain the use of the springs as 
the current conductor to the winding, an Insulating member 
must be introduced into the existing metal path from one spring 
to the other. 










BAC 0345 Rfev. 1248 




Poge 



BELL AE RO SYSTEMS 

A ttxirofll COMPANY 


Report , 


6 0007- 03 ii 



...... 




mm 




• - 


v'*<i 


FIGURE 3. Mill STABILITY TEST 
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Figure 6 depicts the design employed to electrically isolate 
the two springs. The aluminum supports consist of two parts of 
which one is attached to the coil form in the usual manner of 
staking to the coil form and securing the Joint with an epoxy 
fillet. This part has been hard-coat anodized .002 inch thick 
on the two flat surfaces. A second part is attached by means 
of two J.I. Morris # 0000-160 brass fillester head screws and 
is bent to provide the mating surface for the laser weld 
connection. Proper surface preparation and alignment are 
essential for successful weldments. In this application there 
should be no contact between the spring and the support to 
assure that no stresses are on the spring prior to welding. 

The non-insulated support Is built from the same parts except 
the piece which is Joined to the form coil is not hard-coat 
anodized. In this manner, the weight distribution is kept 
symmetrical and spring replacement. If needed, Is similifled. 
Insulation resistance is maintained under a breakdown voltage 
of 50 volts. 
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Figure 6. Construction details of insulated 
support for laser welded pendulum. 
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Figure 7. Aluminum Pendulum for 
Laser Welding 
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Figure 8, Aluminum Pendulum for 
Laser Welding 
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TRANSFORMERLESS ELECTRONICS 

The transformerless bonnet circuit has been manufactured as a 
thin-film electronics on a ceramic substrate and assembled on 
supporting glass fiber epoxy boards. The original transformer- 
less bridge pickoff circuit was developed utilizing discrete 
components and commercially available integrated circuits. 

A comparison between the thin-filra bonnet and a typical trans- 
former bonnet can be seen in Figures 2 anci 12* It should be 
noted that the null adjustment capacitor in the new electronics 
configuration can only be made through an access hole in the 
mounting base. Pin "E" of the top cover would not allow the 
positioning of the adjustment hole over the relocated variable 
capacitor. The variable was therefore inverted and the mounting 
base modified for adjustment from the bottom of the accelerometer. 
This poses no problem in the final null bias adjustment of the 
instrument. 

Due to design, the electrical connections are different on the 
transformerless electronics. The schematic Figure TA, in this 
report identifies the new functions of the header pins. 

The plan for the thermal sterilization compatibility testing 
of the transformerless electronics is as follows. The thin-film 
bonnet is to be mated to a mechanical assembly which had the 
torque coil assembly removed. This is done to simulate the 
presence of stray capacitances introduced by the mechanical 
sensor. They will be mounted on the previously noted specially 
modified mounting base. After stabilization of the instrument 
case temperature at 25°C (76°F), ±15 volt DC power and an 
oscillator signal of 1.5 vRMS at 10K HZ are applied. 
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The variable capacitor is to be adjusted to obtain null output 
measurements of RMS output and Phase shift reference to the 
excitation signal are to be recorded. Then the oscillator signal 
is to be adjusted for 1.5 vRMS at kOK HZ and RMS output and phase 
shift measurements will be recorded. Without adjusting the variable 
capacitor the oscillator signal will be readjusted for 1.5 vRMS at 
10K Hz and the RMS output and phase shift readings recorded. In 
the thermal soak portion of the testing, temperatures will be 
stabili**d for one hour at 50°C (122°F), 65°C (149°?): and 80°C 
(176°F) prior to subjection of the electronics to the sterilization 
temperature of 135°C (275°R)* RMS output and phase shift readings 
are to be recorded immediately after the temperature setting changes 
and after thermal stabilization takes place. 


Two bonnet electronics have been assembled and tested. The first 
transformerless bonnet was subject to a thermal soak test as shown 
in Figure 12. This unit was tested for approximately 3 hours total 
at 80°C prior to sterilization temperature test at 135°C. After 
the unit was tested at 135°C for 1 hour it was retested with power 
applied. This bonnet failed at 65°C when the output measured a 
+12Vdc offset. The defective bonnet was removed and the failure 
was investigated. Results indicated that the integrated circuit 
chip (uA709) failed due to contamination on the chip. 


The second bonnet was assembled for testing in the same configura- 
tion as bonnet #1. The test plan was altered so that the effects of 
the low temp thermal soak could be determined for the integrated 
circuit null offset. Therefore bonnet #2 will be subjected to a., 
longer low temp cycle than bonnet #1. Initial testing on bonnet #2 
indicated a noise amplitude change from 12.6 to 8.5 mv after a 
2k hour soak at 8C°C. 




Due to the insufficient test data available, it is premature 
to conclude that the transformerless bonnets can satisfactorily 
replace the conventional transformer pick-off electronics in 
a sterlllzable accelerometer* 
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Comparison of transformerless 
electronics and typical transformer 
bonnet 
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Thermal Path of first transformerless bonnet 
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FIGURE 12 








